Abstract: This research aims at evaluating the effectiveness of communicating simulation results to enhance learning. This was done by testing whether showing simulation results which demonstrate the long-term effects of different management strategies in a large area changes people's SFM preferences. Forest users in Central Labrador were shown simulation results of three alternative forest management scenarios illustrating possible long term effects on various indicators. SFM preferences were measured using an attribute-based choice experiment before and after the presentation. Based on earlier research and issues closely related to the attributes used in the choice experiment, we expected significant preference change and more consistent choices after presentation. No significant change was found, however. This may be due to the relative stability of SFM preferences in the region. It is also possible that more participants and a longer time frame would be needed to reveal change. However, detected changes in the parameter estimates for cut block size and alternative-specific constant (ASC), measuring the tendency of selecting the status quo alternative, indicate that some learning occurred during the process.
INTRODUCTION
Sustainable forest management (SFM) involves consideration of diverse values. In order to guide decision-making on SFM, stated preference methods have been used to elicit information on assigned forest values of the public or user groups [1, 2] . Forest management on public land typically includes decisions that have long term effects on large areas, and it is difficult to understand the possible effects of these decisions without sophisticated planning tools [3, 4] . It is highly probable that the preferences elicited in standard processes do not include insight into the long-term effects that extend to several generations on landscape-scale forest areas. Modeling tools may be used to enhance understanding of these complex issues and simulation results have been communicated to various publics as a part of public participation processes [5] [6] [7] [8] . Communication of simulation results has a potential for enhancing learning in forest management planning processes. In order to evaluate its effectiveness in this task, we test whether showing simulation results which demonstrate the long term effect of different forest management strategies in a large area changes people's SFM preferences. Earlier work indicates that providing such information enhances learning and may change individual's forest values and attitudes towards forestry [8] .
Deliberative processes which involve hearing arguments on various sides of an issue and face-to-face discussion as a means of forming informed opinions have proven useful for informing public policy [9] [10] [11] . There is a growing stream of economists applying the deliberative approach of political *Address correspondence to this author at the Centre D'Étude De La Forêt (CEF), Université du Québec à Montréal, Canada; E-mail: Kati_berninger@yahoo.ca sciences in economic valuation by providing the participants with relevant information and a possibility for deliberation in order to clarify their economic values for the question at hand [2, [12] [13] [14] .
Traditional economic theory assumes that people have well established and stable preferences, but this assumption is not always met for important, complex and often unfamiliar issues like environmental or resource management questions [15, 16] . Preferences are often constructed, not just revealed, during the elicitation process and they are shown to be context sensitive [15, 17] . In the current research, issues related to the forest are familiar to all participants, but planning methods and forest management are unfamiliar to many. The issues of sustainable forest management are, however, complex and important to all participants. The multiattribute approach for preference construction used in this work is one way of improving valuation procedures through deliberation and information provision [18] .
Mixed results exist on the effect of information or deliberation on forest management preferences. While for example Anderson [19] and Kearney [20] report a link between information and landscape preference change, Hill and Daniel [21] found no effect of information on preferences. Tyrväinen et al. [22] also reports that the landscape preferences of planning group members did not change during the planning process. These studies are all related to landscape preferences and no studies have so far been carried out on SFM preferences or on testing the effect of simulation results.
In this study, the role of additional information in stated preference experiments was examined by measuring the preferences of the same subjects before and after providing additional information in the form of forest simulation results. An earlier study with the same subjects reported some significant value and attitude changes after presentation of simulation results [8] . Changes in preferences are the focus of this paper, and based on the earlier results on value and attitude changes, we expected significant preference changes.
METHODS

Multiattribute Approach for Preference Construction
A multiattribute approach to preference construction has been used in order to improve valuation procedures [2, 18, 23] . The approach is based on careful elicitation of informed judgments with the depth of the participants' understanding replacing the breadth of population sampling [18] .
In this work, we applied a multiattribute process (Fig. 1) inspired by Gregory and Slovic [18] . The process involved two phases of field work. The preliminary study helped to structure the problem and identified local objectives as well as potential indicators to measure sustainable forest management [24] . The choice experiment was designed to include the local objectives and measure them in a way understandable to the participants [18] . Parallel to this, development of a forest management model and simulations were carried out; this process will be further described below. A broader field study including making tradeoffs across objectives and comparison of alternatives was carried out after a careful design and testing of the choice experiment (Fig. 1) . The choice experiment was repeated after a presentation of simulation results illustrating long-term effects of alternative scenarios. A sensitivity analysis is built in to the attribute based choice experiment method, since the options presented are described by a combination of various levels of the selected set of attributes.
Study Area, Modeling and Simulations
The study area was the Happy Valley -Goose Bay region surrounding the forest management District 19A in Central Labrador which covers a land area of 2.1 million ha [8] . The forested area extends to 1.2 million ha. The biggest towns in the area are Happy Valley -Goose Bay with about 8000 inhabitants and the Innu community of Sheshatshiu with approximately 1200 inhabitants. The forest management plan for District 19A has been elaborated and is being implemented in collaboration between the government of Newfoundland and Labrador and the Innu Nation. As a result of this collaboration, the plan is based on an approach where the maintenance of cultural and ecological values is first taken care of by an extensive network of conservation areas covering approximately 50% of the territory. The remaining areas are available for logging [25] .
A forest management simulation model at the landscape scale for District 19A was developed as a joint venture of various experts and local people to provide a comprehensive tool for local needs [26] . Simulations of three main forest management scenarios were run using the SELES (Spatially Explicit Landscape Event Simulator) modeling tool [27] :
A no conservation scenario without protected areas to represent the previous status quo (harvest level 581 900 m 3 /year).
2)
A scenario that projects a continuation of the current 20 year management plan which was established in 2003 to better reflect indigenous and other local values (harvest level 222 500 m 3 /year).
3) An alternative plan scenario established to reduce fragmentation that includes large protected areas, but without the small habitats and special features protected in the current plan (harvest level 312 300 m 3 /year).
In addition to the main scenarios, variations of the current plan scenario with large (5-40 ha) and small (1-10 ha) cut blocks were tested. The time-scale of the simulations was Simulation results illustrating the different scenarios were shown to the participants. The long term effects of each scenario on area cut, volume of growing stock, stand age, road building and the area of old-growth forest in each forest type were presented using time series of maps, tables and graphs (an example is presented in Fig. 2 ). Indicators were selected to reflect the views of the local people as described in [24] taking into account limitations set by the model and the availability of data. The quantity of roads was included as an economic indicator of logging costs and an ecological indicator of habitat fragmentation. There are few existing roads in the area and new roads will have to be built in order to access new logging areas. Area of old-growth forest in each forest type is used as a coarse filter indicator of the maintenance of the ecological integrity of the forest. A significant decline in old-growth forest is interpreted as a potential risk for key species.
Choice Experiments and the Survey Instrument
We applied the choice experiment method which has been used to study trade-offs in natural resource management settings since the early 1990's [28] . In a choice experiment respondents are presented several choice sets which consist of different alternatives. Each alternative is described by various levels of selected attributes. The participants are asked to choose the alternative they prefer. The benefits of the method are the possibility to combine qualitative and quantitative variables and the information it provides on trade-offs among the benefits provided by the choices [29, 30] . It can be used for studying both the use values and existence values of natural resources [31] . The design and analysis of choice experiments is based on random utility theory, where individuals are assumed to choose the alternative that maximizes their utility [29, 30] .
According to random utility theory, the utility (U) of alternative i is the sum of systematic (V i ) and error ( i ) components. The systematic component (V) contains specific and observable attributes that in the case of a stated preference method are defined by the researcher and presented to the individual in the form of choice sets. The presence of an error component means that the overall utility is random and only the probability of choice of one alternative over another can be analyzed:
where C n is the choice set of individual n [29] .
In this study, five attributes were used and each attribute was assigned four levels, one of which represents the current situation ( Table 1) . We designed the attributes to represent each of the three dimensions of sustainable forest management, the ecological, the economic and the social. The attributes were based on a preliminary study conducted in 2005 where participants were asked to list and rank sustainable forest management indicators in five meetings [24] . The proportion of forested land put into conservation areas is an ecological variable, but wildlife species the forest supports combines both ecological aspects and social aspects in the form of multiple use of the forest. Hunters want favorable conditions for game species, recreational users like to see charismatic species and enthusiasts of nature observation seek rare species. The average size of clear cuts was included because many people in the preliminary study were against big clear cuts and preferred selection cutting. Forest sector jobs describe the socioeconomic role of forestry in the region and the decrease or increase in annual household expenses describes the costs of possible additional conservation areas or the gains of reducing conservation areas for the personal economy of the respondent.
The questionnaire starts by asking the participants background information and questions related to forest values and attitudes that were used to introduce the participants to the topic of SFM. The results on value and attitude change are presented in [8] . In the choice experiment section, each participant was presented eight different choice tasks, where an individual compares the current situation with two possible future scenarios. The study included all together 16 different choice tasks. Thus two different versions of the questionnaire were used and were distributed alternately to the respondents. The combinations of the levels of different attributes used in the choice tasks were determined using orthogonal tables that are developed especially for choice experiments and proven efficient [32] . The questionnaires were tested by a small group of people and adjusted accordingly. Table 2 shows an example of a choice task.
The choice experiment data was analyzed using the conditional logit model with the MDC procedure of the SAS statistical package [33] as well as the statistical package Limdep [34] . Models were estimated for preferences elicited before and after presenting the simulation results. An alternative specific constant (ASC) was estimated to measure the tendency to select options representing the current situation [30] . Both linear and squared models were estimated for each data set. Linear models were a better fit to the data than squared models. Thus all the results presented here are based on linear models. Pairwise likelihood ratio tests were conducted with SAS to test whether the parameters of the models estimated for the situations before and after presenting the simulation results differed significantly [35, p. 335-337] . Persons who always selected status quo in the first questionnaire (n=4) were excluded since it was interpreted that they didn't actually make any meaningful choices. This practice has been employed elsewhere, especially in cases where 
Multiple Use
Wildlife species the forest supports 1. The forest supports common species, 2. The forest supports common species and also some spectacular large mammals and birds 3. The forest supports common sp., some spectacular species and some rare species 4. The forest supports common sp., some spectacular sp., some rare sp. and some endangered species
Social
Forest sector jobs at the local and regional level some choice alternatives appear to improve upon the status quo and yet are not chosen by respondents (see [30] or [36] for a discussion of the issue and alternate strategies for dealing with this topic).
Recruitment of Participants and Meetings
The target group of this research project included residents of the Upper Lake Melville region around the town Happy Valley -Goose Bay in Central Labrador that are actively using the forest or working for its conservation. All together we organized four meetings between September 19 th and 22 nd 2006 in Goose Bay. The participants were invited by email, by telephone and using a newspaper advertisement. We invited the participants to a central facility, since we wanted to present them simulation results in order to test how they affected their SFM preferences. We also wanted to give participants an opportunity to reflect thoroughly on the issue and questions at hand as well as get feedback right after presenting the simulation results.
In the meetings the participants were first familiarized with the objectives of the study, and their written consent was obtained 1 . The contents of the questionnaire where then explained. Each attribute was described in detail and the idea of a choice experiment was explained. The participants were then given time to fill in the first questionnaire. After that the simulation results were presented using PowerPoint slides including maps, tables and graphs of the effects of the different scenarios. After the presentation an opportunity for discussion was provided and when there were no more issues to discuss, the participants filled in the second questionnaire. The first and second questionnaires were identical with two exceptions. Background information on the participants was only collected in the first questionnaire while at the end of the second questionnaire the participants were asked to do a self evaluation of their learning and change of opinions during the meeting. The results of the self evaluation are reported in [8] . 
Participants
The study included a total of 51 participants with slightly more men than women ( Table 3 ). The education level of the participants was higher than the average in Labrador, since 6.9 % of the population in Central Labrador has a university degree [37] . 
Number of men 30
Mean age 51
Innu 3
Metis 27
Representing environmental groups 9
Forestry professionals 14
Median annual income $ 40 000-54 999
Household income $ 70 000, % 25
University education, % 33
RESULTS
In the situation before presenting more information, all attributes except conservation had significant parameter estimates ( Table 4) . The positive parameter estimate indicates that alternatives with more jobs were preferred over those with fewer jobs. Also situations with more wildlife were generally preferred over situations with less wildlife. Cut block size and household costs appeared negative and significant indicating a preference for smaller cut blocks and lower costs ( Table 4) . The parameter estimate for conservation was not significant which indicates that it was relatively less important to the participants than the other attributes ( Table 4) . Table 1 . b One unit is equivalent to 100 Canadian dollars. ASC= Alternative-specific constant for the current situation.
When comparing parameter estimates of the models for before and after demonstration of simulation results, there were no significant changes according to the likelihood ratio test (Likelihood ratio=7.94, df=7, p=0.34). The wildlife attribute maintained its statistical significance and jobs also remained important. There are, however, some changes in parameter estimates: Before presentation the parameter estimate for cut block size was negative and significant, and it became insignificant after presentation of information. Also the ASC for the current situation, which measures the tendency to choose the alternative representing the current situation, became positive and significant.
In order to further explore the data, we examined interaction effects with the attributes before and after demonstration of simulation results. We also estimated a covariance heterogeneity model and random parameter models to assess whether the impact of information arose via covariance (or scale) heterogeneity and or helped explain preference parameter heterogeneity. None of these tests revealed difference between the situation before and after presenting simulation results 2 . Therefore, information provided via the presentation of simulation results does not appear to affect the variance of the random utility model nor does it shift preferences in a random parameter model of preference heterogeneity.
Even if there was no statistically significant change in the choice models as described in Table 4 , most participants (44, 86 %), changed their choices in one or more choice tasks. 27 persons (53 %) changed their choices in three or more choice tasks.
DISCUSSION
This research aimed at evaluating the effectiveness of showing simulation results that demonstrate possible longterm effects of various management alternatives on several indicators in a large area. Based on earlier research reporting some significant value and attitude change [8] , we expected the presentation of simulation results to have a significant effect on the SFM preferences of the participants. We also expected the choices to become more consistent after learning more about the long-term effects of different forest management alternatives in a large area. However, we detected no significant change in preferences or in variance following the presentation of the simulation results.
Even if there was no significant difference between the models calculated for situations before and after the presentation of simulation results, the parameter estimate for cut block size changed; there was a shift away from preferring smaller cut blocks. The attribute cut block size was directly related to the simulation results presented to the participants, since it was shown that smaller cut blocks increase the need for building roads. Our result is supported by the results of [8] with the same subjects, where 12.5 % of participants reported having learned and 5 % having changed their opinions about the connection between the cut block size or small protected area patches and the amount of roads needed after presentation of simulation results. Previous research indicates that people may be more willing to accept larger cut blocks when they are provided with information on the benefits of avoiding forest fragmentation [38] .
We also detected change in the parameter estimate for the alternative-specific constant (ASC) for the current situation towards preferring the current situation over change. A positive and significant parameter estimate for the ASC for the current situation has been interpreted as trust in the current management regime [39] . The stronger acceptance of the current situation seems to reflect the results by [8] , who report that after presenting simulation results the participants showed a greater trust in the current management plan. It is assumed that the presentation illustrated the complexity of the forest management planning task in a large area concerning long time-scales and in that way increased trust on managers [8] . Alternately, it is possible that the participants realized the complexity of the issues which led them to fall back on the status quo situation, a response that is found in various other literatures on choice behavior [40] .
It is possible that the additional information made the situation seem more complex and therefore increased the error variance. This effect may also have generated increased variances in some individuals and not in others and is thus a potential explanation for the lack of overall variance change in this study. It is an interesting issue worthy of further research.
There are several possible explanations for the lack of significant change in preferences after showing simulation results in this study. First, the preferences related to SFM may be relatively stable and resistant to change, as has been shown for landscape preferences [21, 22] . Second, the con-text of studying trade-offs between different factors of SFM may not be effective in revealing changes in one specific factor. Third, it is also possible that a larger number of participants would have revealed some significant preference change. We found some changes in the parameter estimate for cut block size and the ASC for the current situation. Also 83 % of the participants changed their answers in at least one choice task. This indicates that there may have been changes that were not captured by the statistical methods used and the number of participants reached in the current study. In order to have more participants, a region with more inhabitants would be needed for further research efforts. Fourth, a significant change in preference might also need a longer time and more deliberation to occur. Finally, considering that individuals have diverse learning styles [41] , the form of presentation used in this study may have been useful for some individuals and not for others.
